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(54) MAGNETO-RESISTANCE EFFECT TYPE MAGNETIC HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the fluctuation in 

a reproduced output even though the width of a at t/us t<=o. o a ia^w'^oi . «j 

reproducing track and the reproducing gap are made ( 
narrower by setting the relationships among the 
reproducing track width, the reproducing gap film 
thickness, the residual magnetization film thickness 
product of a permanent magnet film and the saturated 
magnetization film thickness product of magnetically 
sensitive layer to specific regions. 

Mrt/Mi t>=0. 03 1?Tw!'Vfll+'i 0 7 

SOLUTION: The magneto-resistance effect type 

magnetic head is provided with the reproducing element 11 
having a magneto-resistance effect and the permanent 
magnet film which applies a longitudinal bias magnetic 
field to the element. Let the reproducing track width be 

TW (/mi), the reproducing gap film thickness be Gl (/im), the residual magnetization film 
thickness product of the permanent magnet film be Mrt (memu/ cm2) and the saturated 
magnetization film thickness product of the magnetically sensitive layer be Mst (memu/cm2). 
Then, the permanent magnet film and the magnetically sensitive layer are made to satisfy the 
relationships of equations I and II and the reproducing track width is set to £1 .5 /im and the 
reproducing gap length is set to £0.2 pum. By having the structure, which satisfies the range 
above, the permanent magnet film applies a sufficient amount of magnetic flux to the 
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magnetically sensitive layer even though the reproducing track width and the reproducing gap 
length are made narrower. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the magneto-resistive effect mold magnetic head equipped with the permanent magnet film 
which impresses a vertical bias field to the playback component which has a magneto-resistive effect, 
and said playback component Tw (micrometer) and playback gap thickness for regenerative-track width 
of face Gl (micrometer), The relation between the regenerative-track width of face when setting the 
saturation magnetization thickness product of Mrt (memu/cm2) and a magnetosensitive layer to Mst 
(memu/cm2), playback gap thickness, the residual magnetization thickness product of the permanent 
magnet film, and the saturation magnetization thickness product of a magnetosensitive layer the residual 
magnetization thickness product of the permanent magnet film Mrt/Mst<=0.0649Tw3/2/Gl+L92 (1) 
Mrt/Mst>=0.0317Tw3/2/Gl+1.07 (2) 

The magneto-resistive effect mold magnetic head which is in the field prescribed to be alike, and is 
characterized by for regenerative-track width of face being 1.5 micrometers or less, and playback gap 
length being 0.2 micrometers or less. 

[Claim 2] The magneto-resistive effect mold magnetic head to which remanence ratio S=Mr/Ms which 
is the magneto-resistive effect mold magnetic head according to claim 1, and is given by the ratio of the 
residual magnetization Mr of said permanent magnet film and saturation magnetization Ms is 
characterized by or more 0.6 being 1 .0 or less. 

[Claim 3] The magneto-resistive effect mold magnetic head characterized by being the magneto- 
resistive effect mold magnetic head indicated by claim 2, being the alloy with which said permanent 
magnet film uses Co as a principal component, and being the permanent magnet film of Cr, Ta, Pt, and 
nickel which includes any one or more kinds at least as an alloying element to said alloy. 
[Claim 4] The magneto-resistive effect mold magnetic head characterized by being constituted with two 
soft magnetism film with which the laminating of the playback component which is the magneto- 
resistive effect mold magnetic head according to claim 3, and has a magneto-resistive effect was carried 
out through the spacer of non-magnetic metal. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the configuration of the permanent magnet film which 
constitutes especially the playback component of the magnetic head, a playback gap, and regenerative- 
track width of face about the magnetic head used for magnetic recording media, such as a hard disk 
drive unit and VTR. 
[0002] 

[Description of the Prior Art] Small large capacity-ization of magnetic recording media, such as a hard 
disk drive unit or VTR, is progressing with rapid vigor. High performance-ization of the magnetic head 
was advanced in response to such a trend, and it has evolved into the anisotropy magneto-resistive effect 
head (following AMR head) using the magneto-resistive effect phenomenon of a thin film from the thin 
film magnetic head which is an electromagnetic induction type further with the spin bulb mold magneto- 
resistive effect head (following SV head). The conventional AMR head is for example, the well-known 
reference IEEE. It is stated to Trans.Magn.Vol26(1990) ppl689. That is, the magneto-resistive effect 
mold component (following MR component) which reproduces the magnetic signal on a magnetic- 
recording medium serves as structure put between the shielding magnetic film which covers MR 
component magnetically through the playback gap film which consists of a non-magnetic material. On 
the other hand, the induction type magnetic head is used for the magnetic pole which records a magnetic 
signal on a magnetic-recording medium, and it has the structure by which the laminating was carried out 
on the shielding magnetic film in it. 

[0003] In order to make surface recording density increase with a magnetic recording medium, 
improvement in track recording density and track density is indispensable. In order to raise track 
density, it is necessary to decrease regenerative-track width of face. Moreover, in order to raise track 
recording density, and to narrow-ize a record bit, gap length of a recording head is narrowed or it is 
necessary to carry out **(ing) the flying height of a recording head and a record medium low etc., and to 
write in a more detailed bit on a magnetic-recording medium, but the inclination for a playback output to 
decrease is shown, so that it becomes a RF according to the wave-like cross protection of a playback 
output. In order to prevent this, the magnetic head of the structure which puts a playback component 
with shielding came to be used. A playback component means the thing of structure which participates 
in playback actuation of the magnetic head here including MR component. 
[0004] By the way, MR component used for a playback component tends to be influenced of the 
magnetic domain wall generated in MR component, or magnetic-domain structure, and needs control of 
a Barkhausen noise. He is IEEE as one of the control means. As indicated by Trans.Magn.Vol.32(1996) 
ppl9, there is a method of impressing a bias field to MR component using the permanent magnet film 
made to adjoin MR component. It can control that the impressed bias field eases the effect of an anti- 
field generated at the edge of the truck cross direction of MR component, and a magnetic domain 
generates it in MR component. 

[0005] For example, the technique which specified the ingredient of a concrete permanent magnet about 
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the technique indicated above is indicated by U.S. Pat. No. 5434826. It consists of ingredients, such as 
CoCrPt, CoCrTa, CoCrTaPt, and CoCrPtB, as an ingredient which constitutes the permanent magnet 
film from this technique, and it is shown clearly that the residual magnetization at the time of the 
thickness of 500-600A and the product of thickness are set to 2.38-3.78 (memu/cm2) as a description of 
such an ingredient. 

[0006] Moreover, about the effect which the magnetic properties of the permanent magnet film have to 
the property of the magneto-resistive effect mold magnetic head, it turns out that dispersion in the 
playback output of a Barkhausen noise or the magnetic head can be reduced by raising the property of 
the coercive force of the permanent magnet film like the technique indicated by JP,7-93714,A. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the bias field which the permanent magnet 
film generates is the technique of controlling and stabilizing magnetization rotation of a playback 
component, spacing of the permanent magnet film which adjoined when the width of recording track 
was decreased, in order to raise track density becomes small, and it shows the inclination which the 
effectiveness of the magnetization rotation control by the bias field increases. For this reason, the 
sensibility of a playback component falls further and we are anxious about the fall of a playback output. 
Moreover, if shielding spacing is made small in order to raise track recording density, the magnetic flux 
from the permanent magnet film is absorbed by up shielding and lower shielding like drawing 4 , a 
vertical bias field is not effectually impressed to MR component, and the instability of a playback output 
cannot be controlled. Therefore, in order to control the instability of a playback output like a Barkhausen 
noise and to obtain the magnetic head with a high playback output, it is required to use the permanent 
magnet film of the property corresponding to the regenerative-track width of face and playback gap 
length by recording density. 
[0008] 

[Means for Solving the Problem] In the magneto-resistive effect mold magnetic head which the 
magneto-resistive effect mold magnetic head of this invention equips with the permanent magnet film 
which impresses a vertical bias field to the playback component which has a magneto-resistive effect, 
and said playback component Tw (micrometer) and playback gap thickness for regenerative-track width 
of face Gl (micrometer), The relation between the regenerative-track width of face when setting the 
saturation magnetization thickness product of Mrt (memu/cm2) and a magnetosensitive layer to Mst 
(memu/cm2), playback gap thickness, the residual magnetization thickness product of the permanent 
magnet film, and the saturation magnetization thickness product of a magnetosensitive layer the residual 
magnetization thickness product of the permanent magnet film Mrt/Mst<=0.0649Tw3/2/Gl+1.92 (1) 
Mrt/Mst>=0.03 1 7Tw3/2/Gl+l .07 (2) 

It is in the field prescribed to be alike, and is characterized by for regenerative-track width of face being 
1.5 micrometers or less, and playback gap length being 0.2 micrometers or less. 

[0009] Here, regenerative-track width of face expresses the dimension of the playback component in the 
truck cross direction. Moreover, playback gap length points out the thing of spacing of up shielding and 
lower shielding. [ / near the playback component ] Here, up shielding and lower shielding are arranged 
so that a playback component may be pinched through the playback gap film. Moreover, the value 
which lengthened the thickness of the permanent magnet film is expressed as playback gap thickness 
from playback gap length [ / near / peace / the thickness of the playback gap film in the sense 
perpendicular to the truck cross direction a value or near the playback component ]. A magnetosensitive 
layer is a layer which detects a magnetic signal, in the case of the AMR head, MR layer is shown, and, 
in the case of SV head, the thing of a free layer is expressed. 

[0010] In the magneto-resistive effect mold magnetic head of this invention, remanence ratio S=Mr/Ms 
given by the ratio of the residual magnetization Mr of said permanent magnet film and saturation 
magnetization Ms is characterized by or more 0.6 being 1.0 or less. 

[001 1] Moreover, in the magneto-resistive effect mold magnetic head of this invention, it is 
characterized by for said permanent magnet film being the alloy which uses Co as a principal 
component, and being the permanent magnet film of Cr, Ta, Pt, and nickel which includes any one or 



http ://www4 . ipdl.jpo .go .jp/cgi-bin/tran_web_cgi_ejj e 



6/24/2004 



Page 3 of 8 



more kinds at least as an alloying element to said alloy. 

[0012] Moreover, in the magneto-resistive effect mold magnetic head of this invention, the playback 
component which has a magneto-resistive effect is characterized by being constituted by two soft 
magnetism film by which the laminating was carried out through the spacer of non-magnetic metal, and 
being. 
[0013] 

[Embodiment of the Invention] In drawing 1 , the range of desirable magnetization ratio Mrt/Mst is 
shown in controlling the instability of a playback output to Tw3/2/Gl specified by the regenerative-track 
width of face Tw (micrometer) and the playback gap thickness Gl (micrometer). The saturation 
magnetization thickness product of Mrt (memu/cm2) and a magnetosensitive layer is set to Mst 
(memu/cm2) for the residual magnetization thickness product of the permanent magnet film here. The 
magneto-resistive effect mold magnetic head of this invention is (1) type and (2) types which were 
equipped with the permanent magnet film which impresses a vertical bias field to the playback 
component which has a magneto-resistive effect, and said playback component, and the permanent 
magnet film and a magnetosensitive layer showed in drawing 1 . Mrt/Mst<=0.0649Tw3/2/Gl+1.92 (1) 
Mrt/Mst>=0.0317Tw3/2/Gl+1.07(2) 

It is a ******** configuration, and regenerative-track width of face is set to 1.5 micrometers or less, and 
playback gap length is set to 0.2 micrometers or less. Even if it narrows regenerative-track width of face 
and playback gap length by using the configuration which fills the above-mentioned range, sufficient 
amount of magnetic flux can be impressed to a magnetosensitive layer from the permanent magnet film. 
[0014] Order is explained later on about the configuration of this invention using each drawing below. 
Drawing 2 is the sectional view of the playback component part of the AMR head. It controls that the 
permanent magnet film is arranged to the both ends of MR component, impresses a bias field to MR 
component, and a magnetic domain generates it in MR component. Generally the structure which 
attached the taper to the both ends of MR component like drawing 2 , and carried out the laminating of 
the permanent magnet film on it is called ABATTEDO junction. The formation process of 
ABATTEDDO junction of MR film 1 / spacer 2 / SAL3, and the permanent magnet layer 7 is performed 
by the lift-off method as shown in drawing 3 . Here, SAL expresses the contiguity soft magnetism film. 
It sets to drawing 3 (a) and is SAL3 / spacer 2/first. After carrying out the coat of the photosensitive 
resist 9 on the MR film 1, Si0210 is formed by a spatter etc. Next, after removing the excessive part of 
SiO210 by etching, a resist is alternatively etched by RIE (Reactive Ion Eching) etc. and a configuration 
like drawing 3 (b) is formed. After forming the taper section by ion milling after that, the substrate film 
6 and the permanent magnet film 7, and an electrode layer 8 are formed by a spatter etc. one by one 
( drawing 3 (c)), finally an organic solvent etc. removes a resist 9 and SiO210, and ABATTEDO 
junction is formed ( drawing 3 (d)). 

[0015] Thus, in order to influence the configuration of formed permanent magnet **** of the height of 
the photosensitive resist 9 and Si0210, the thickness becomes thin gradually as it approaches MR 
component. The magnetic pole of the permanent magnet film at the time of being the configuration from 
which the tip was extracted to drawing 4 , and distribution of a field were shown typically. 
Magnetization of the permanent magnet film is performed in the Tw direction (sense of regenerative- 
track width of face) on the right-hand side of the drawing. Since a magnetic pole will be generated on a 
front face if a tip is extracted, it becomes such distribution. The bias field which contributes to magnetic- 
domain control is decided by the amount of magnetic flux generated from the magnetic pole near the 
MR component, and since the magnetic flux from a distant magnetic pole is absorbed by upper shielding 
and bottom shielding, it hardly contributes to magnetic-domain control. Drawing 5 is the result of the 
amount phi of magnetic flux given to MR component in drawing 4 asking for how it changes with the 
locations X where a magnetic pole appears by numerical calculation. The zero made the start point of 
the taper of a magnetosensitive layer zero. Numerical calculation gave permeability and a magnetic pole 
to each mesh with the two-dimensional finite element method, and calculated the amount of magnetic 
flux which passes a magnetosensitive layer. The parameter used by numerical calculation is shown in 
Table 1. Here, regenerative-track width of face was defined as the center position of the x directions of 
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the ABATTEDO plane of composition of a magnetosensitive layer showed to drawing 4 . Moreover, the 
effective permeability of MR film, SAL, and the shielding film is the value which also took into 
consideration and estimated the effect of an anti-field. 
0016] 
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[0017] As shown in drawing 5 , the amount of magnetic flux impressed to a magnetosensitive layer from 
a permanent magnet decreases as the location of a magnetic pole keeps away from an ABATTEDDO 
plane of composition. If especially X becomes larger than 50nm, the amount of magnetic flux impressed 
to a magnetosensitive layer will decrease rapidly. Since magnetic flux was absorbed at the shielding 
side, this is considered. Change of the amount of magnetic flux at the time of assuming that there is no 
shielding as reference was also written together to drawing 5 . Thus, by the following explanation, when 
there is shielding, since it is only a permanent magnet near the MR component, that vertical bias can be 
effectually impressed to a magnetosensitive layer defines the thickness of a permanent magnet as 
thickness with a location (X= 50nm) of 50nm from a taper part so that drawing 4 may show. Moreover, 
the value which deducted the thickness TPM of a permanent magnet with a location of X= 50nm from 
the spacing Gs of vertical shielding to the perpendicular which crosses the start point (X= Onm) of a 
taper as shown in drawing defines the playback gap thickness Gl as follows. 

Gl=Gs-TPM [0018] Spacing of the permanent magnet which adjoined when the width of recording track 
decreased becomes small, the effectiveness of vertical bias increases, and a playback output declines. If 
shielding spacing Gs is made small in order to raise track recording density, the magnetic flux from a , 
permanent magnet is absorbed by the upper part and lower shielding, a vertical bias field is not 
effectually impressed to a magnetosensitive layer, and the instability of a playback output cannot be 
controlled. It turns out that the value of a minimum required in order to control playback instability from 
this to Mrt of the permanent magnet film, and the value of the upper limit which can secure a playback 
output exist. Moreover, if the thickness of a magnetosensitive layer increases even when Mrt of a 
permanent magnet is fixed, the amount of magnetic flux per unit cross-sectional area of a 
magnetosensitive layer will serve as an index with the suitable ratio (Mrt/Mst) of Mrt of a permanent 
magnet to Mst of a magnetosensitive layer to control vertical bias in order to decrease. In subsequent 
explanation, Mrt/Mst will be called a magnetization ratio. 

[0019] With hard disk drive equipment, in order to carry out record playback of the 0 or 1 sign, the 
magnetic reversal recorded on a medium is used. Although the field change accompanying the magnetic 
reversal in a medium is changed into 0 or 1 sign by playback by the magnetic-reluctance mold magnetic 
head, as shown in {0000}, when 0 continues, for example in a sign array, a magnetic reversal period is 
long, and on the contrary as shown in {1111}, when 1 continues, a magnetic reversal period becomes 
short. Although the ratio of lowest frequency and the highest frequency becomes the relation between 
1 :5 thru/or 1 :6 in the sign playback used for the current hard disk drive unit, the inclination for a 
playback output to decrease is shown, so that it becomes a RF according to the cross protection of a 
playback wave. At this time, the intensity ratio of a playback output to the playback output and lowest 
frequency to the highest frequency becomes about 25 - 35%. It is desirable for there to be at least 0.3- 
0.4mV of playback outputs in a low frequency region in mistaking by the hard disk drive unit on the 
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other hand, and carrying out sign playback that there is nothing, since about 0.1 mV of playback outputs 
from a head is the need. Therefore, in this invention, it decided to set up a magnetization ratio so that 
0.4mV or more of playback outputs of a low frequency region can be secured. 

[0020] In the quality of the material and the configuration which are shown in Table 2, the MR head was 
produced for the magnetization ratio of a permanent magnet between 0.5-3.2, and the hysteresis of a 
playback wave and the relation of a playback output were investigated. After the playback output 
assembled the MR head after depth processing to the suspension, it was surfaced on the record medium, 
and it was measured by low frequency. Moreover, the hysteresis measured the resistance change curve 
when giving the external magnetic field of **150Oe, and defined it by area surrounded by the path at the 
time of the increment in a field like drawing 6 , and reduction. With the head which a hysteresis like 
drawing 6 produces, since a playback output is changed at every record playback actuation, ERARETO 
of a drive deteriorates. Drawing 7 is the relation between a magnetization ratio and a playback output. It 
turned out that a playback output decreases as the magnetization ratio increased, since 0.4mV or more of 
playback outputs is required of low frequency as mentioned above, for obtaining the playback output of 
0.4mV or more from this result « a magnetization ratio ~ it turns out that it must be 2.3 or less. Drawin g 
8 is the relation between a magnetization ratio and a hysteresis. It turns out that the hysteresis which 
generally appears in a playback component causes dispersion in a playback output, and it becomes the 
noise source of disk drive equipment. Therefore, the smaller possible one of a hysteresis is desirable, 
since a hysteresis increases [ a magnetization ratio ] from drawing 8 rapidly or less by 1.5 - a hysteresis 
— controlling — a magnetization ratio — 1.5 or more are needed, the value of the magnetization ratio 
which fulfills both a playback output and a hysteresis from drawing 7 and drawing 8 - a 1.5 <= 
magnetization ratio ~ it is expressed with <=2.3. 
[0021] 
[Table 2] 

The configuration of the MR head made as an experiment, material property regenerative-track width of 
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[0022] In this invention, in order for numerical calculation to prescribe the playback gap thickness Gl of 
an actual head, the regenerative-track width of face Tw, and the relation of Mrt of the permanent magnet 
film, and Mst of a magnetosensitive layer, it is necessary to take correspondence with the property of 
numerical calculation and an actual head. Drawing 9 is the result of calculating the amount of magnetic 
flux given to a magnetosensitive layer from a permanent magnet when the parameter of Table 2 
performs numerical calculation. It turns out that the amount phi of magnetic flux increases in proportion 
to the increment in a magnetization ratio, drawing 7 and the 1.5< magnetization ratio from drawing 8 - 
the amount phi of magnetic flux corresponding to [ the range of <2.3 is desirable and ] this - 7.7< 
phi<11.8(3) 

It is equivalent to ******. Therefore, subsequent count prescribes the minimum and upper limit of a 
magnetization ratio when changing Tw and Gl on the basis of the amount of magnetic flux of (3) types. 
[0023] Moreover, it is the magneto-resistive effect mold magnetic head to which this invention is which 
the magnetic head of a publication above, and remanence ratio S=Mr/Ms given by the ratio of the 
residual magnetization Mr of the permanent magnet film and saturation magnetization Ms which is a 
means for impressing said magnetic bias is characterized by or more 0.7 being 1.0 or less. 
[0024] The configuration of the magnetic-reluctance mold magnetic head seen from the surfacing side to 
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drawing 10 is shown. An electrode to energize the permanent magnet film and 1 1 for a magneto- 
resistive effect component, and for 7 energize 8 for a playback component and 1 5 are record magnetic 
poles. The playback component is magnetically shielded with the lower shielding film of 12, and the up 
shielding film of 13. For example, the saturation magnetization Ms of the permanent magnet ingredient 
used for a magneto-resistive effect mold head as a thin film material becomes 450 to 800 (emu/cm3) 
extent. If a remanence ratio S is 1 at this time, thickness required in order to obtain Mrt of 1 
(memu/cm2) is 120-220 (A). On the other hand, in the case where a remanence ratio S is 0.1, thickness 
required in order to obtain Mrt of 1 (memu/cm2) will amount to 1200-2200 (A), and the regenerative- 
track both sides of a playback component will become thick. The configuration of this playback 
component circumference will also affect the configuration of a record magnetic pole. In order to ease 
the size effect of the playback component circumference, before forming a record magnetic pole, it is 
required to perform flattening of the field which arranges a magnetic pole, or to keep a playback 
component configuration flat. However, the activity of flattening makes the manufacture man day of the 
magnetic head increase, and has the demerit in which it leads to the increment in cost. On the other 
hand, without passing through an excessive process, the technique which keeps the configuration of a 
playback component itself flat can also shorten the time amount of film formation by making the 
permanent magnet film thin, and can raise the productivity of a magneto-resistive effect mold head. 
[0025] Although the permanent magnet film permitted by this invention is determined by the value of 
Mst and Gl from (1) and (2) types, Gl follows on decreasing and Mrt becomes very large. For example, 
as for a permanent magnet, in the case of Mst=l (emu/cm3), Mrt of 5.0 (emu/cm3) is needed by the 
magnetization ratio 5, and when a permanent magnet ingredient with the saturation magnetization of 450 
(emu/cm3) is used, the thickness of the permanent magnet film is given by the following relation. 
= (Permanent magnet thickness) 5.0 (memu/cm2)/Ms (emu/cm3) <BR> =5.0(memu/cm2)/(450 
(emu/cm3) xS) 

Therefore, the minimum thickness of the permanent magnet film is obtained at the time of a remanence 
ratio S= 1, and is set to 1 1 1 1 (A). The thickness of the permanent magnet film becomes large, and it 
amounts to 1587 (A) in a remanence ratio 0.7, and it amounts to 2222 (A) in a remanence ratio 0.5 as a 
remanence ratio S becomes small. The component thickness of a magnetic-reluctance mold head is 500- 
600 (A) extent, and the level difference of the component section which added the electrode for signal 
detection to this becomes 2000 (A) extent at the time of a remanence ratio 0.7. Although this makes a 
record magnetic pole generate distortion which reaches 50% of record gap length, in order that the 
configuration distortion of 50% or more may degrade the property of O/W and playback wavelength 
remarkably, as for the remanence ratio of the permanent magnet film, it is desirable that it is 0.7 or 
more. 

[0026] Moreover, this invention is the magnetic head indicated above, and is the magneto-resistive 
effect mold magnetic head characterized by being the alloy with which said permanent magnet film uses 
Co as a principal component, and being the permanent magnet film of Cr, Ta, Pt, and nickel which 
includes any one or more kinds at least as an alloying element to said alloy. 
[0027] Mrt of the permanent magnet film which generates a bias field is controlled by the magneto- 
resistive effect mold head, and in order to acquire good reproducing characteristics, it is necessary to 
obtain the permanent magnet ingredient in which magnetic properties excellent in the condition of a thin 
film are shown. Thickness is able to secure more than coercive force Hc=1000Oe and S= 0.7 or more 
remanence ratios in 100-1000 (A) by the permanent magnet film of the alloy which uses Co as a 
principal component. 

[0028] Moreover, this invention is the magnetic head indicated above, and the playback component 
which has a magneto-resistive effect is the magneto-resistive effect mold magnetic head characterized 
by being constituted with two soft magnetism film by which the laminating was carried out through the 
spacer of non-magnetic metal. 

[0029] In this invention, it is possible for it to be using ingredients, such as Cu and Ta, as a spacer of 
non-magnetic metal. As soft magnetism film by which the laminating was carried out, it is possible to 
use NiFe, Co, NiFeCo, CoFe, etc., and good soft magnetic characteristics can be obtained by having the 
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crystal structure of fee. 
[0030] 

[Example] The dependency of the playback gap thickness Gl of the amount phi of magnetic flux 
impressed to MR film when changing a magnetization ratio by 1.0-5.0 using the parameter of Table 2 
from the permanent magnet film was calculated. A result is shown in drawing 1 1 . It turns out that the 
amount phi of magnetic flux impressed to a magnetosensitive layer decreases rapidly as Gl decreases 
like drawing 1 1 . For example, when the amount of magnetic flux in case Gl is 0.09 micrometers, and 
the relation of a setting magnetization ratio are shown in drawing 12 , it turns out that a magnetization 
ratio and the amount of magnetic flux are in proportionality mostly, therefore — if the upper limit of a 
magnetization ratio and a minimum are specified from a convention of the amount of magnetic flux of 
(3) types ~ a 1.96< magnetization ratio — it is set to <2.66. The upper limit of the magnetization ratio to 
the playback gap length Gl in case the regenerative-track width of face Tw is 1 .4 micrometers, 0.95 
micrometers, and 0.5 micrometers, respectively, and a minimum are shown in drawing 13 (a), drawing 
13 (b), and drawing 13 (c). The value of the magnetization ratio which counted the axis of ordinate 
backward from the amount of magnetic flux here, and the axis of abscissa were made into the value of 
1/G1. Since the magnetic flux absorbed by shielding increases, that a magnetization ratio must make it 
increase understands, as the playback gap lengths Gl decrease in number. Conversely, when the 
regenerative-track width of face Tw is narrow, moreover, it turns out by setting up a magnetization ratio 
low that production of a head with little output dispersion is attained by high power. Although it needed 
to ask for the multiplier which approximated the magnetization ratio and the value of 1/G1 primarily 
about drawing 13 (a), drawing 13 (b), and drawing 13 (c) and the minimum magnetization ratio and the 
maximum magnetization ratio needed to be computed as a function of Tw and Gl, fitting [ Tw3/2/Gl in 
this case ] was appropriate. It makes an axis of ordinate a magnetization ratio by making an axis of 
abscissa to Tw3/2/Gl, and drawing 14 re-plots drawing 13 (a), drawing 13 (b), and drawing 13 (c). Since 
it becomes the almost same inclination also when Tw is changed with 1.4 micrometers, 0.95 
micrometers, and 0.5 micrometers from drawing 14 , the following formulas can prescribe a 
magnetization ratio as a function of Gl and Tw. 

Mrt/Mst<3/2-/Gl+1.86 Mrt/Mstof =0.0599Tw(s)> =0.0362Tw3/2/Gl+1.12 - if a magnetization ratio is 
set up in this range, the stable MR head with little moreover [ high ] fluctuation of a playback output 
will become producible. 

[003 1] With an actual head, a difference arises in the amount of magnetic flux which each thickness may 
differ from permeability and is impressed to MR film from a permanent magnet. Then, the numeric 
value of how to whom the amount of magnetic flux calculates conversely the numeric value of how to 
calculate the amount of magnetic flux small (the same amount of magnetic flux is not obtained unless it 
enlarges a magnetization ratio) greatly to Table 3 (the amount of magnetic flux with the magnetization 
ratio same at least is obtained) was shown in Table 4. In the following count, two count was performed 
using the numeric value of Table 3 and Table 4. 
0032] 





m is 




MRjg (&®M) 


1 5 n m 


100 


SALl 


1 0 nm 


3 O 


TaK 


5 nm 


1 




5 nm 


1 




i o o nm mmmv) 


1 




3 . 0 /i m 


150 0 



[0033] 

[Table 4] Count parameter (when estimating a magnetization ratio low) 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/24/2004 



Page 8 of 8 





m is 




MRB (fSBUg) 


1 0 nm 


150 


SALI 


6 nm 


5 0 


m 


3 nm 


1 




0 nm 


1 




2 0 0 nm 


1 




1. 5/im 


100 0 



[0034] A count result is shown in drawing 1 . An axis of ordinate is plotted by the magnetization ratio, 
and the axis of abscissa is plotted by Gl 3/2/of Tw(s). When a magnetization ratio is estimated highly, 
the upper limit of the magnetization ratio specified by (3) formulas and a minimum can be expressed 
with the following formulas (when the numeric value of Table 3 is used). 
Mrt/Mst<=0.0649Tw3/2/Gl+l .92(1) 

When a magnetization ratio is low estimated like Mrt/Mst>=0.0411Tw3/2/Gl+1.18, the upper limit of 
the magnetization ratio specified by (3) formulas and a minimum can be expressed with the following 
formulas (when the numeric value of Table 4 is used). 
Mrt/Mst<=0.0540Tw3/2/Gl+l .8 1 Mrt/Mst>=0.03 1 7Tw3/2/Gl+l .07(2) 

If the magnetization ratio of the range limited by (1) and (2) formulas is set up even when thickness 
differs from permeability etc. with a head more nearly actual than drawing 1 , since the amount of 
magnetic flux which fills (3) types can be impressed to a magnetosensitive layer, the stable MR head 
with little moreover [ high ] fluctuation of a playback output will become producible. 
[0035] 

[Effect of the Invention] By using the magneto-resistive effect head of this invention, even if 
regenerative-track width of face and a playback gap become narrow, fluctuation of a playback output 
and a playback output can acquire few good reproducing characteristics. 



[Translation done.] 
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